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7KHUHVXOWVRIUHFHQWVFLHQWLILFSDSHUVUHJDUGLQJWKHXQVWLIIHQHGSODWHVXQGHUELD[LDOVWUHVV>@VXJJHVWVWKDWWKH
UHYLHZRIWKHEXFNOLQJSURRIIRUPDWVIRUVWLIIHQHGSODWHVXQGHUELD[LDOORDGLQJLVQHHGHG
7KHDUWLFOHJLYHVDQRYHUYLHZRIEXFNOLQJSURRIIRUPDWVDFFRUGLQJWR(1>@IRUVWHHODQGFRPSRVLWH
EULGJHVOLPLWHGWRWKHXVXDOPHWKRGRIUHGXFHGVWUHVVLQ*HUPDQ\LQWURGXFHGLQE\',17HFKQLFDO5HSRUW
,QWKLVSDSHULWLVGLVFXVVHGLIWKHSURSRVHGDSSURDFKLQ>@LVDOVRDSSURSULDWHWRWKHFDVHRIVWLIIHQHGSDQHOV
%DVHGRQ>@DQG>@RQHPHWKRGIRUWKHEXFNOLQJYHULILFDWLRQDFFRUGLQJWRWKHHIIHFWLYHZLGWKPHWKRGRISODWHV
XQGHUELD[LDOFRPSUHVVLRQDQGVKHDUZLOOEHSURSRVHG
%XFNOLQJYHULILFDWLRQDFFRUGLQJWR(1
7KHEDFNJURXQGRIWKHGHVLJQPHWKRGVLQ(1>@LVUHSUHVHQWHGE\WKHGHYHORSPHQWRIWKH(XURFRGHV
ZKLFK EURXJKW WRJHWKHU YDULRXV (XURSHDQ GHVLJQ FXOWXUHV ,Q PRVW (XURSHDQ FRXQWULHV SDUWO\ H[FOXVLYHO\ WKH
PHWKRGRIHIIHFWLYHZLGWKVLVDSSOLHG7KLVGHVFULEHVWKHORDGEHDULQJEHKDYLRURIEXFNOLQJSODWHVUHDOLVWLFDQGWDNHV
LQWRDFFRXQWERWKSRVWFULWLFDOORDGEHDULQJEHKDYLRUDQGVWUHVVUHDUUDQJHPHQWVZLWKLQDFURVVVHFWLRQ&RPSDUHGWR
WKHPHWKRGRIUHGXFHGVWUHVVHVWKHFRQFHSWRIHIIHFWLYHZLGWKVOHDGVWRPRUHHFRQRPLFDOUHVXOWVEXWLWPD\DOVR
KDYHWKHFRQVHTXHQFHWKDWE\UHSHDWHGO\IRUPLQJVPDOOEXPSVFDOOHGZHEEUHDWKLQJIDWLJXHGDPDJHRFFXUV
,Q *HUPDQ\ WKH UHVHUYDWLRQV DJDLQVW WKH PHWKRG RI HIIHFWLYH ZLGWKV FRPH IURP WKH KLJKHU FRPSXWDWLRQDO
FRPSOH[LW\ ORDG FDVH GHSHQGHQW FURVVVHFWLRQV DQG WKH ORZHU IOH[LELOLW\ LQ WKH DSSOLFDWLRQ QRQUHFWDQJXODU
EXFNOLQJSDQHOVDUHQRWFRYHUHGE\WKHPHWKRG
7KHUHGXFHGVWUHVVPHWKRGZKLFKLVDSSOLHGLQ*HUPDQ\FRQVLGHUVWKHSRVWFULWLFDOORDGEHDULQJUHVHUYHVLQD
OHVVHU H[WHQW DQG GRHV QRW HVSHFLDOO\ DOORZ DQ\ VWUHVV UHGLVWULEXWLRQ ZLWKLQ WKH FURVVVHFWLRQ 7KH IROORZLQJ
UHSUHVHQWVWKHGHWDLOVRIWKHPHWKRGRIUHGXFHGVWUHVV
,Q(1VHFWLRQ>@ WKHPHWKRGRIUHGXFHGVWUHVVIRUERWKVLQJOH ORDGDQGFRPELQDWLRQRI ORDGVLV
UHJXODWHG,QWKLVPHWKRGWKHSRVWFULWLFDOORDGEHDULQJUHVHUYHVRIWKHFURVVVHFWLRQDUHQRWIXOO\DFWLYDWHGDQGVWUHVV
UHGLVWULEXWLRQLVGLVUHJDUGHG7KLVPHWKRGLVWKXVQRWHFRQRPLFDOLQKLJKULVHEXLOGLQJVEXWSURGXFHVUREXVWUHVXOWV
DQGDSSOLHVWRFRPSOH[JHRPHWULHV7KHTXLQWHVVHQFHRIWKHEXFNOLQJFKHFNVDFFRUGLQJWRPHWKRGRIUHGXFHGVWUHVVHV
LVWKHHTXDWLRQLQ>@UHSURGXFHGDV(T
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7KHUHODWLRQFRUUHVSRQGVWR WKHYHULILFDWLRQRI WKHHTXLYDOHQWVWUHVVPRGLILHGE\WKHFRUUHVSRQGLQJUHGXFWLRQ
IDFWRUȡcxȡczDQGȤwWRDYRLGEXFNOLQJ7KHFRQGLWLRQLQ(TLVDSSOLHGIRUWKHHQWLUHSDQHOVZLWKWKHLUVLQJOH
SDQHOVDQGVXESDQHOVLQWKHORQJLWXGLQDOGLUHFWLRQRIWKHEULGJHVHH)LJ

)LJ%XFNOLQJSDQHODQGVWUHVVHV>@
,QFRQWUDVWWRWKHSURFHGXUHDFFRUGLQJWR',1>@WKHUHGXFWLRQIDFWRUVDUHFDOFXODWHGZLWKDJOREDO
VOHQGHUQHVVZKLFKWDNHVVLPXOWDQHRXVO\DOOVWUHVVFRPSRQHQWVLQWRDFFRXQW(T
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crkultp ααλ =    
7KLVSURFHGXUHLVPHFKDQLFDOO\UHDVRQDEOHEHFDXVHWKHFULWLFDOEXFNOLQJVWUHVVGHSHQGVRQWKHRYHUDOOVWDWHRI
VWUHVVDQGLWLVDOVRFRQWHPSRUDU\GXHWRWKHIDFWWKDWQRZDGD\VĮFUFDQEHHDVLO\DQGUHOLDEOHGHWHUPLQHGHLWKHUXVLQJ
DQDSSUR[LPDWLRQUHODWLRQHTXDWLRQLQ>@DQG>@RUXVLQJVSHFLDOILQLWHHOHPHQWSURJUDPV
7KHUH LVQRSRVVLELOLW\ IRU HORQJDWHGEXFNOLQJSDQHOVXQGHU ODWHUDO FRPSUHVVLRQ WRGHYHORSVWDELOL]LQJ WHQVLOH
VWUHVVHVSHUSHQGLFXODU WR WKH ORDGLQJGLUHFWLRQ ,Q WKLVFDVHSODWHEXFNOLQJEHFRPHVFROXPQEXFNOLQJ6LQFH WKH
EXFNOLQJ FXUYHV XVHG IRU WKH SODWH EXFNOLQJ YHULILFDWLRQ DUH FRQVLGHUDEO\ IDYRUDEOHZLWK UHVSHFW WR WKH FROXPQ
EXFNOLQJFXUYHVWKLVOHDGVWRDVDIHW\SUREOHP)RUWKLVUHDVRQLWLVQHFHVVDU\WRLQWHUSRODWHLQFHUWDLQDVSHFWUDWLRV
EHWZHHQWKHSODWHEXFNOLQJDQGWKHXQIDYRUDEOHFROXPQEXFNOLQJ

)LJ&ROXPQEXFNOLQJFXUYH	3ODWHEXFNOLQJFXUYH
7KHLQWHUSRODWLRQLVSHUIRUPHGXVLQJWKHIRUPXODHLQ)LJZKLFKLVEDVHGRQWKHZRUNRI)LVFKHUDQG+DUUH>@
,WLVIRXQGLQXQFKDQJHGIRUPLQ',1>@LQ',1)DFKEHULFKW>@DQGLQ(1>@)URP>@LW
FDQEHVHHQWKDWWKHIRUPHUVWXGLHVZHUHFRQFHUQHGRQO\ZLWKXQLD[LDOFRPSUHVVHGUHFWDQJXODUSDQHOV7KDWPHDQV
WKHWUDQVIHUDELOLW\RQSODWHVZLWKPXOWLD[LDOVWUHVVVWDWHVLVQRWVWULFWO\FRYHUHG,QWKHVWDQGDUGL]DWLRQWRGD\LVWKHUH
IRUHDVVXPHGWKDWIRUWKHGHWHUPLQDWLRQRIĮFUSLQWKHH[SUHVVLRQRIȟRQO\WKHVWUHVVHVLQWKHGLUHFWLRQRIWKHFROXPQ
OLNHEHKDYLRUDUHWDNHQLQWRDFFRXQWZKLOHWKHRWKHUVWUHVVFRPSRQHQWVDUHQRWWREHFRQVLGHUHG1HLWKHULQWKH',1
)DFKEHULFKW>@QRULQ(1>@FOHDUHYLGHQFHFDQEHIRXQGVRWKDWPLVXVHLVSRVVLEOHDQGFDQOHDGWR
LPSUHFLVHUHVXOWV,QODWHUGLVFXVVHGSURSRVDORI%UDXQDQG.XKOPDQQ>@WKHLQIOXHQFHRIELD[LDOORDGLQJRQWKH
FROXPQOLNHEHKDYLRUKDVEHHQ LQFOXGHGFRUUHFWO\$JDLQ WKH LQWHUSRODWLRQ IRUPXODHZLOOFRQWLQXH WREHDSSOLHG
FRQVLGHULQJRQO\WKHORDGLQWKHGLUHFWLRQRIWKHFROXPQOLNHEHKDYLRUWKHXQIDYRUDEOHLQIOXHQFHRIWUDQVYHUVH
FRPSUHVVLRQLVFRQVLGHUHGE\WKHPRGLILFDWLRQRIWKHEXFNOLQJYHULILFDWLRQIRUPXODIRUXQVWLIIHQHGSODWHV,QWKH
FDVHRIORQJLWXGLQDOO\VWLIIHQHGSDQHOVWKHHIIHFWRIWKHODWHUDOFRPSUHVVLYHVWUHVVLVRIPLQRULPSRUWDQFH
1HFHVVLW\RIWKHPRGLILFDWLRQRIWKHEXFNOLQJYHULILFDWLRQIRUPXODIRUSODWHVXQGHUELD[LDOFRPSUHVVLRQ
7KHURRWRIWKHEXFNOLQJYHULILFDWLRQLVWKHSURSRVDOIURP6FKHHUDQG1|ONH>@VHHDOVR(T8VLQJRQO\RQH
FRPSDUDWLYHVOHQGHUQHVVȜP fy,kıVPiWKHUHGXFWLRQIDFWRUVȡF[ȡF]DQGȤZLQWKHRULJLQDOVRXUFHț[ț\DQG
țĲDUHGHWHUPLQHG,QDFRPSDULVRQZLWK',1>@LWLVREYLRXVWKDWWKHYHULILFDWLRQFDQOHDGIRUELD[LDO
FRPSUHVVLRQWRIDOVHO\IDYRUDEOHUHVXOWVEHFDXVHWKHPLGGOHWHUPRI(TUHGXFHVWKHUHVXOWZKHQWKHVWUHVVHV
KDYHWKHVDPHVLJQ7KLVWHUPRIWKHHTXDWLRQLVRULJLQDOO\IURPWKHHTXLYDOHQWVWUHVVYHULILFDWLRQZKLFKLVEDVHGRQ
WKH K\SRWKHVLV WKDW IORZ LV DFKLHYHG LI WKH GHIRUPDWLRQ HQHUJ\ XQGHU PXOWLD[LDO ORDGV LV HTXLYDOHQW WR WKH
GHIRUPDWLRQHQHUJ\IRU\LHOGLQJXQGHUXQLD[LDOORDG7KDWPHDQVWKHK\GURVWDWLFVWUHVVVWDWHGRHVQRWFRQWULEXWHWR
\LHOGLQJ7KHUHIRUHVWUHVVHVLQWKH[DQG]GLUHFWLRQZLWKVDPHVLJQKDYHDIDYRUDEOHHIIHFW,QWKHFDVHRIWKHSODWH
EXFNOLQJKRZHYHUWKLVLVQRWWUXH,QSDUWLFXODUODWHUDOFRPSUHVVLYHVWUHVVHVJHQHUDWHDGGLWLRQDOGULYLQJIRUFHVDQG
QHJDWLYHLQIOXHQFHGHSHQGLQJRQWKHGLVSODFHPHQWRIWKHHGJHVRIWKHEXFNOLQJSDQHOVWKHSRVWFULWLFDOORDGFDUU\LQJ
UHVHUYHV7KHPLGGOHWHUPLQ(TPXVWWKHUHIRUHEHPRGLILHGVRWKDWLWEHFRPHVVPDOOZLWKLQFUHDVLQJRIWKHSODWH
EXFNOLQJULVN:LWKWKHLQWURGXFWLRQRIWKHIDFWRUV ȡcx·ȡczLQWKHYHULILFDWLRQLWLVHQVXUHGWKDWZLWKWKHLQFUHDVLQJ
RIWKHEXFNOLQJULVNȡcxDQGRUȡczEHFRPHORZHUDQGWKHPL[HGWHUPRI(TYDQLVKHV+RZHYHUWKHUHGXFWLRQ
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IDFWRUVDUHFDOFXODWHGXVLQJWKHUHVSHFWLYHHTXLYDOHQWVOHQGHUQHVVUDWLRDQGQRWZLWKWKHJOREDOVOHQGHUQHVVUDWLRDV
GHVFULEHGLQ>@

)LJ,QWHUDFWLRQEHWZHHQSODWHDQGFROXPQEXFNOLQJ
7KHZRUNVRI%UDXQ>@>@0DXU>@DQG:LQWHUVWHWWHU>@KDYHFRQVLVWHQWO\VKRZQWKDW(TFDQGHOLYHU
UHVXOWVRQWKHXQVDIHVLGHLQFDVHRIELD[LDOFRPSUHVVLRQ$IWHUH[WHQVLYHQXPHULFDOVWXGLHVRIXQVWLIIHQHGSODWHV
ZKLFKDUHFRQILUPHGLQ>@%UDXQ.XKOPDQQPDGHWKHIROORZLQJSURSRVLWLRQZKLFKLVGLIIHUHQWIURP(TE\
WKHLQWURGXFWLRQRIWKHIDFWRUVIRUELD[LDOFRPSUHVVLRQDQGV IRUDOORWKHUFDVHV
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7KHSURSRVDORI%UDXQ.XKOPDQQLVEDVHGVROHO\RQVWXGLHVRIXQVWLIIHQHGSODWHVDQGLVSXUSRVHIXOIRUWKLV7KH
PRGLILFDWLRQLVPDLQO\EDVHGRQDSDUDPHWULFVWXG\EDVHGRQ)(FDOFXODWLRQV*01,$>@DQGWKHUHIRUHWDNHQLQWR
DFFRXQWWKHSRVWFULWLFDOEHKDYLRU,WLVFXUUHQWO\XQFOHDULIWKLVSURSRVDOFDQEHWUDQVPLWWHGZLWKRXWDQ\FRQGLWLRQV
WR ORQJLWXGLQDO VWLIIHQHG SODWHV ZLWK FROXPQOLNH EHKDYLRU DV WKH\ DUH IUHTXHQWO\ SUHVHQW LQ EULGJHV EHFDXVH
VFLHQWLILFNQRZOHGJHLVPLVVLQJ+RZHYHULWLVH[SHFWHGWKDWWKLVSURSRVDOOHDGVWRPRUHFRQVHUYDWLYHUHVXOWVIRUWKH
RYHUDOOEHKDYLRURIVWLIIHQHGSODWHV7KHFRPSUHVVLYHVWUHVVHVı]KDUGO\LQIOXHQFHWKHRYHUDOOEXFNOLQJEHKDYLRURI
WKHSDQHOLQWKH[GLUHFWLRQEXWFDQOHDGWKHVXESDQHOEHWZHHQWKHZHEVRIVWLIIHQHUVZKLFKDUHXQGHUKLJKHUELD[LDO
FRPSUHVVLRQWRFROXPQOLNHEXFNOLQJ
)URP)LJLWFDQEHVHHQWKDWWKHWUDQVYHUVHFRPSUHVVLRQDIIHFWVRQO\WKHVKHHWEXWQRWWKHVWLIIHQHUGLUHFWO\
7KHEXFNOLQJRI WKHORQJLWXGLQDOVWLIIHQHGRYHUDOOSDQHO  EXFNOLQJRI WKHVWLIIHQHU LV WKHUHIRUHDIIHFWHGE\WKH
ODWHUDOFRPSUHVVLRQRQO\E\WKHIROORZLQJWZRHIIHFWVDSRVVLEO\VPDOOHUHIIHFWLYHZLGWKRIWKHFRQFXUUHGVKHHW
PHWDOSDUWGXHWRODWHUDOFRPSUHVVLRQEODUJHUGULYLQJIRUFHVGXHWRWKHHIIHFWVIURPWKHVHFRQGRUGHUWKHRU\QR
VWDELOL]LQJWHQVLOHIRUFHV

)LJ,QIOXHQFHRIWUDQVYHUVHFRPSUHVVLRQRQWKHVWUHVVVWDWHRIRQHVWLIIHQHUZLWKSDUWLFLSDWRU\SDQHO
,QSDUWLFXODUIRUWKHILUVWRIWKHWZRSRLQWVWKHUHDUHFXUUHQWO\QRQRUPDWLYHUHJXODWLRQVSURYLGHG%RWKHIIHFWV
DUHQRWGHVFULEHGE\WKHDSSURDFKRI%UDXQ.XKOPDQQZKLFKLVEDVHGRQWKHVWXGLHVUHJDUGLQJWKHEXFNOLQJRID
VXESDQHO
7KHEXFNOLQJLQWKHORQJLWXGLQDOGLUHFWLRQRIWKHVWLIIHQHGEXFNOLQJSODWHFDQEHVLPSOLILHGDVWKHEXFNOLQJRI
FROXPQVIRUPHGIURPWKHVWLIIHQHUVDQGWKHFRRSHUDWLQJSDUWRIWKHVKHHW7KHFRUUHVSRQGLQJYHULILFDWLRQLVJRYHUQHG
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E\VHFWLRQRI(1>@,QWKLVVHFWLRQRIWKHVWDQGDUGPLQLPXPUHTXLUHPHQWVIRUWUDQVYHUVHVWLIIHQHUVDUH
GHILQHGDQGWKHVWDELOLW\YHULILFDWLRQRIWKHVHVWLIIHQHUVDFFRUGLQJWRVHFRQGRUGHUWKHRU\WDNLQJLQWRDFFRXQWWKHLU
ORQJLWXGLQDOVWUHVVHVDQGDGGLWLRQDOGULYHIRUFHVGXHWRWKHVWUHVVHVSHUSHQGLFXODUWRWKHVWLIIHQHUVLVGHPDQGHG,Q
WKHFDVHRIORQJLWXGLQDOVWLIIHQHGSDQHOZLWKELD[LDOVWUHVVVWDWHWKLVVHFWLRQRIWKHVWDQGDUGWDNHVHIIHFWDVDOZD\V
VWUHVVHVWUDQVYHUVHWRWKHVWLIIHQHURFFXU7KHYHULILFDWLRQOHDGVDXWRPDWLFDOO\WRDULJLGLW\RIWKHVWLIIHQHUVZKLFK
FUHDWHVWKHQRGHOLQHVLQWKHEXFNOLQJVKDSHDWWKHVWLIIHQHUSODFHVRWKDWWKHEXFNOLQJRIWKHVXESDQHOLVGHFLVLYHIRU
WKHGHVLJQRIWKHHQWLUHSDQHO)RUWKHPRGLILFDWLRQRI(TUHJDUGLQJLQSDUWLFXODURYHUDOOSODWHEXFNOLQJWKHUHLV
REYLRXVO\QHHGIRUPRUHUHVHDUFKDQGLWZRXOGEHDGYLVDEOHWRDFFRPSDQ\VRPHUHDOEXLOGLQJVVFLHQWLILFDOO\DQG
FRQGXFWIXUWKHULQYHVWLJDWLRQV7KLVDOVRDSSOLHVWRVXESDQHOVRIVWLIIHQHGSODWHVZLWKVWURQJFROXPQOLNHEHKDYLRU
5HVXOWVRIQXPHULFDODQDO\VLVUHJDUGLQJWKHERXQGDU\FRQGLWLRQVRISODWHVDUHJLYHQLQ>@
%XFNOLQJYHULILFDWLRQIRUWKHFDVHRIEULGJHODXQFKLQJ
,QWKHIROORZLQJVHFWLRQWKHLPSDFWRIWKHLQWURGXFWLRQRIWKHIDFWRUVRQWKHEXFNOLQJYHULILFDWLRQLVGLVFXVVHG
XVLQJWKHH[DPSOHRIWKHERWWRPSODWHRIDER[VHFWLRQRIDEULGJHVHH)LJD'XULQJWKHLQFUHPHQWDOODXQFKLQJ
PHWKRGRIDVWHHOEULGJHZLWKER[FURVVVHFWLRQWKHZHEVDQGWKHERWWRPSODWHDUHXQGHUELD[LDOFRPSUHVVLRQ

)LJD6WHHOER[JLUGHUFURVVVHFWLRQE/RDGVRQWKHERWWRPSDQHO
7KHEXFNOLQJSDQHOKDYLQJDWKLFNQHVVRIPPKDVDOHQJWKRIPPDQGDZLGWKRIPPWKHWZRHGJH
VWLIIHQHUHDFKKDYLQJDWKLFNQHVVRIPPDQGDKHLJKWRIPPWKHWUDSH]RLGDOVWLIIHQHUVHDFKKDYHDKHLJKWRI
PPDZLGWKRIPPDQGDWKLFNQHVVRIPPWKHWZRHGJHSDQHOVHDFKKDYLQJDZLGWKRIPPWKH
VXESDQHOVEHWZHHQWKHZHEVRIWKHWUDSH]RLGDOVWLIIHQHUVKDYHDZLGWKRIPPDQGWKHVXESDQHOVEHWZHHQWKH
WUDSH]RLGDOVWLIIHQHUVPP7KHVWHHOJUDGH LV67KH ORQJLWXGLQDOFRPSUHVVLRQVWUHVV LV03DDQG WKH
WUDQVYHUVHRQHLV03D
)RUWKHGHWHUPLQDWLRQRIWKHVPDOOHVWIDFWRUĮFUIRUWKHLQFUHDVLQJRIWKHGHVLJQORDGVWRUHDFKWKHHODVWLFFULWLFDO
ORDGIRUWKHFRPSOHWHDFWLQJVWUHVVILHOGWKHUHDUHEDVLFDOO\WZRSRVVLEOHDSSURDFKHVDWKHHQWLUHSDQHOLVFRQVLGHUHG
ZKHUHE\RYHUDOORUVXESDQHOEXFNOLQJPD\RFFXUYHULILFDWLRQRIWKHHQWLUHSDQHOZLWKGHFLVLYHVXESDQHOEXFNOLQJ
ERQO\WKHEXFNOLQJRIWKHHQWLUHSDQHOLVFRQVLGHUHGDQGE\WKLVZD\WKHEXFNOLQJPRGHRIWKHVXESDQHOVLVH[FOXGHG
DIWHUZDUGVWKHEXFNOLQJRIWKHVXESDQHOVLVVHSDUDWHO\YHULILHGYHULILFDWLRQRIWKHHQWLUHSDQHOZLWKGHFLVLYHJOREDO
EXFNOLQJ
,Q WKH ILUVW FDVH WKH VXESDQHOV PXVW QRW EH YHULILHG VHSDUDWHO\ DQG LQ WKH ODWWHU FDVH WKH\PXVW EH YHULILHG
VHSDUDWHO\7KHVHFRQGDSSURDFKJLYHVDPRUHIDYRUDEOHXWLOL]DWLRQUDWH
4.1. Verification of the entire panel with decisive local buckling of the subpanels 
)LJDVKRZVWKHEXFNOLQJVKDSHRIWKHODUJHVWVLQJOHVXESDQHOVLQWKHHGJHVKDYLQJVL[ZDYHVDQGDEXFNOLQJ
YDOXHkıx IRUWKHVROHHIIHFWRIı[)LJEVKRZVWKHEXFNOLQJVKDSHRIWKHVLQJOHVXESDQHOVLQWKHHGJHV
KDYLQJRQHZDYHDQGDEXFNOLQJYDOXHkız IRUWKHVROHHIIHFWRIı]+HUHLWFDQEHVHHQWKDWWKHWUDQVYHUVH
FRPSUHVVLYHVWUHVVHVKDYHQRDSSUHFLDEOHHIIHFWRQWKHEXFNOLQJEHKDYLRURIWKHVWLIIHQHGERWWRPSODWHZKHQWKH
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ORQJLWXGLQDO VWLIIHQHUV DUH ULJLG HQRXJK WR IRUPQRGDO OLQHV7KHVH ORQJLWXGLQDO VWLIIHQHUVPXVW EH DEOH WR FDUU\
ORQJLWXGLQDOVWUHVVHVDGGLWLRQDOO\WRWKHGULYHQIRUFHVGXHWRWKHORQJLWXGLQDODQGWUDQVYHUVDOFRPSUHVVLYHVWUHVVHV
DQGPRPHQWVDFFRUGLQJWRVHFRQGRUGHUWKHRU\GXHWRWKHLQLWLDOGHIRUPDWLRQDQGHODVWLFGHIOHFWLRQ)LJFVKRZV
WKHEXFNOLQJVKDSHXQGHUELD[LDOFRPSUHVVLRQZLWKDPDJQLILFDWLRQIDFWRUαcr 
7KHUDWLRRIWKHFULWLFDOSODWHEXFNOLQJVWUHVVıFUS kıxıEıE āLQ03DWRWKHFULWLFDOFROXPQ
EXFNOLQJVWUHVVıFUFıFUVOVHHHTXDWLRQDQG)LJXUH$LQ>@JLYHVDYDOXHOHVVWKDQLQGLFDWLQJDSXUH
FROXPQEXFNOLQJEHKDYLRURIWKHVWLIIHQHGERWWRPSODWHLQWKH[GLUHFWLRQVHH)LJ7KHEXFNOLQJYHULILFDWLRQIRU
WKHWRWDOSDQHOZLWKRXWFRQVLGHULQJWKHFRUUHFWLRQIDFWRU9ZRXOGVKRZWKDWWKHERWWRPSODWHLVVDIHDFFRUGLQJWR
EXFNOLQJ Ș      HYHQ WKRXJK ORFDO EXFNOLQJ RI WKH VXESDQHOV RFFXUV VHH 7DEOH  7KH EXFNOLQJ
YHULILFDWLRQIRUWKHWRWDOSDQHOZLWKFRQVLGHUDWLRQRIWKHFRUUHFWLRQIDFWRU9ZKLFKLVMXVWLILHGLQWKLVFDVHEHFDXVH
ORFDOEXFNOLQJRIWKHVXESDQHOVLVGHFLVLYHZLOOOHDGWRWKHUHVXOWWKDWWKHERWWRPSDQHOEXFNOHVȘ !
,Q7DEOHαFU LVFDOFXODWHGZLWKWKHDSSUR[LPDWLRQIRUPXODLQ>@,WLVDERXWOHVVWKDQWKHYDOXH
GHWHUPLQHGE\WKH)(SURJUDP(%3ODWHDQGLVWKXVRQWKHVDIHVLGH7KHFRQVLGHUHGYDOXHVIRUı[DQGı]DUH
1PPDQG1PPUHVSHFWLYHO\

)LJ%XFNOLQJVKDSHRIWKHERWWRPSODWHZLWKGHFLVLYHORFDOEXFNOLQJRIWKHVXESDQHOVDZLWKWKHVROHHIIHFWRIı[EZLWKWKHVROHHIIHFWRI
ı]FXQGHUELD[LDOFRPSUHVVLRQ
7DEOH%XFNOLQJYHULILFDWLRQRIWKHERWWRPSODWHZLWKGHFLVLYHORFDOEXFNOLQJRIWKHVXESDQHOV
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4.2. Verification of the entire panel with decisive global buckling 
)LJDVKRZVWKHEXFNOLQJVKDSHZLWKRQHZDYHDQGαFU[ IRUWKHVROHHIIHFWRIı[)LJEVKRZVWKH
EXFNOLQJVKDSHRI WKHWRWDOSODWHXQGHUWKHVROHHIIHFWRIı]ZLWKĮFU[ 7KHORQJLWXGLQDOVWLIIHQHUVGHIRUP
GXULQJWKHEXFNOLQJSURFHVVRIWKHERWWRPSODWHEXWVKRXOGQRWEXFNOHLQRUGHUQRWWRORVHWKHLUVWLIIHQLQJHIIHFW

)LJ%XFNOLQJVKDSHRIWKHERWWRPSDQHOZLWKGHFLVLYHJOREDOEXFNOLQJDZLWKWKHVROHHIIHFWRIı[EZLWKWKHVROHHIIHFWRIı]FXQGHU
ELD[LDOFRPSUHVVLRQ
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%HFDXVHWKHODWHUDOFRPSUHVVLRQH[LVWVWKHVWLIIHQHUVPXVWEHYHULILHGLQDFFRUGDQFHZLWK6HFWLRQRI(1
>@)LJFVKRZVWKHEXFNOLQJVKDSHXQGHUELD[LDOFRPSUHVVLRQZLWKDPDJQLILFDWLRQIDFWRURIĮFU 
7KHUDWLRRIWKHFULWLFDOSODWHEXFNOLQJVWUHVVıcr,pWRWKHFULWLFDOFROXPQEXFNOLQJVWUHVVıFUFJLYHVDYDOXHJUHDWHU
WKDQEXWOHVVWKDQLQGLFDWLQJDFROXPQOLNHEHKDYLRURIWKHVWLIIHQHGERWWRPSODWHLQWKH[GLUHFWLRQVHH)LJ
7KHEXFNOLQJYHULILFDWLRQIRUWKHWRWDOSDQHOZLWKRXWFRQVLGHULQJWKHFRUUHFWLRQIDFWRUVZRXOGVKRZWKDWWKHERWWRP
SODWHLVVDIHDFFRUGLQJWREXFNOLQJȘ 7DEOH7KHVXESDQHOVPXVWEHYHULILHGVHSDUDWHO\7DEOH
IRU()DQG()VKRZVWKDWWKHVXESDQHOVZLWKDZLGWKRIPPGRQRWKDYHVXIILFLHQWVDIHW\DJDLQVWEXFNOLQJ
Ș !7KXVWKHEXFNOLQJEHKDYLRURIWKHLVRODWHGFRQVLGHUHGVXESDQHOFRUUHVSRQGVH[DFWO\WRWKHEHKDYLRU
RIWKHVXESDQHOZLWKLQWKHWRWDOSDQHOZKHUHORFDOEXFNOLQJLVGHFLVLYHVHH)LJDQG)LJ
)RUWKHEXFNOLQJYHULILFDWLRQRIWKHVXESDQHOLQ7DEOHĮFULVFDOFXODWHGZLWKWKHDSSUR[LPDWLRQIRUPXOD
LQ>@,WLVIRUWKHRYHUDOOSODWHDERXWOHVVWKDQWKHYDOXHGHWHUPLQHGE\WKH)(SURJUDP(%3ODWHDQGLVWKXVRQ
WKHVDIHVLGH,QWKH]GLUHFWLRQWKHVXESDQHOKDVDFROXPQOLNHEHKDYLRUȟ ,IDVVKRZQLQ7DEOHWKH
YHULILFDWLRQLVSHUIRUPHGZLWKĮFUFDOFXODWHGIURPWKH)(DQDO\VLVZLWKRXWWDNLQJLQWRDFFRXQWWKHFRUUHFWLRQIDFWRU
V RQH FRPHV WR WKH FRQFOXVLRQ WKDW WKH YHULILFDWLRQ LV YDOLG Ș    :LWK WKH FRQVLGHUDWLRQ RIV WKH
YHULILFDWLRQLVMXVWQRWVDWLVILHGȘ !7KLVLVRQO\SRVVLEOHEHFDXVHGXULQJWKH)(FDOFXODWLRQWKHQRGDO
OLQHVRIWKHEXFNOHGVXESDQHOLQ[GLUHFWLRQ)LJDVWDELOL]HWKHVXESDQHOGXULQJEXFNOLQJLQ]GLUHFWLRQ7KDWOHDGV
WRDKLJKHUĮFULQ7DEOHRUWRDVPDOOHUJOREDOVOHQGHUQHVVRI&DUU\LQJRXWWKHSXUHFROXPQEXFNOLQJ
RIWKHVXESDQHOLQWKH]GLUHFWLRQXQGHUWKHVROHHIIHFWRIı]RQHILQGVWKDWWKHYHULILFDWLRQGRHVQRWVXFFHHGE\IDU
Ș !7KLVPHDQVWKDWWKHEXFNOLQJVKDSHZLWKPDQ\ZDYHVGXHWRWKHVWUHVVHVLQ[GLUHFWLRQKDVSRVLWLYH
LQIOXHQFHRQWKHEXFNOLQJEHKDYLRULQ]GLUHFWLRQ7KLVDVVXPSWLRQVKRXOGQRWEHFRQVLGHUHGLQDQDVVHVVPHQWVLQFH
WKHUHLVQRJXDUDQWHHWKDWWKHDFWXDOEXFNOLQJVKDSHRUWKHUHDOLPSHUIHFWLRQVKDSHDOVRKDVWKLVVXSSRUWLQJHIIHFW,Q
IDFWIRUWKHJLYHQEXFNOLQJSDQHOJHRPHWU\WKHVWUHVVHVLQ[GLUHFWLRQRQO\VOLJKWO\LQIOXHQFHWKHEXFNOLQJLQWKH]
GLUHFWLRQ LQQHJDWLYHEXWQRW LQSRVLWLYH VHQVHEHFDXVHGXH WR WKH VPDOO FXUYDWXUHRI WKHEXFNOLQJ VKDSH LQ[
GLUHFWLRQ WKH\ RQO\ SURGXFH ORZ GULYH IRUFHV 7KH GHVFULEHG HIIHFW VKRZV DV DQ H[DPSOH WKH SUREOHP RI SXUH
DSSOLFDWLRQRI)(PHWKRGVIRUWKHEXFNOLQJYHULILFDWLRQZKLFKLQLWLDOO\OHGWRDQXQGHUHVWLPDWLRQRIWKHEXFNOLQJ
ULVNLQWKLVSDUWLFXODUFDVH7KHILUVWIRXUOLQHVIURP7DEOHUHPDLQXQFKDQJHG

)LJ%XFNOLQJVKDSHRIDVLQJOHVXESDQHOZLWKWKHZLGWKRIPPDZLWKWKHVROHHIIHFWRIσ[EZLWKWKHVROHHIIHFWRIσ]FXQGHUELD[LDO
FRPSUHVVLRQ
7DEOH%XFNOLQJYHULILFDWLRQRIWKHERWWRPSODWHZLWKGHFLVLYHJOREDOEXFNOLQJ
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4.3. Proposal of buckling verification formula for plates under biaxial compression and shear using the effective 
width method 
%DVHGRQWKHOLWHUDWXUH>@WKHIROORZLQJIRUPXODLVSURSRVHGIRUWKHEXFNOLQJYHULILFDWLRQRISODWHVXQGHU
ELD[LDOFRPSUHVVLRQDQGVKHDU




 ≤++ ηηη zx    
ZKHUH
  Myeffxx f γση =  ı[HIILVWKHORQJLWXGLQDOVWUHVVFDOFXODWHGXVLQJWKHHIIHFWLYHFURVVVHFWLRQ
DFFRUGLQJWRFKDSWHURI(1
  Myeffzz f γση = 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